Objectives: To test whether T-cell CD3 responses are altered in patients with advanced-stage head and neck squamous cell carcinoma (HNSCC) and whether anti-CD3/anti-CD28 (␣CD3/␣CD28) bead stimulation could reverse CD3 unresponsiveness.
H incorporation of 3500 cpm or more. Responders produced higher levels of interleukin (IL)-12 and interferon ␥ (IFN-␥) after ␣CD3 stimulation than nonresponders. No phenotypic or clinical differences were identified between groups. Stimulation with ␣CD3/␣CD28 beads enhanced IFN-␥ and IL-2 produced by both groups. Bead ATCs were generated from PBMCs of patient 11 in the responder group and lysed (± SD) 100% ± 1% of autologous tumor and 49% ± 1% of allogeneic tumor. Bead ATCs from LNMCs of this patient lysed 58% ± 1% of autologous tumor and 63% ± 1% of allogeneic tumor.
Conclusions:
A subpopulation of patients with HNSCC who are nonresponders to ␣CD3 stimulation has been identified, showing reduced proliferation and IL-12 and IFN-␥ secretion. Nonresponders stimulated with ␣CD3/ ␣CD28 beads reversed immune unresponsiveness and induced a type 1 cytokine response. Bead-generated ATCs from patient 11 in the responder group lysed autologous and allogeneic HNSCC in vitro, suggesting a possible effective immunotherapeutic modality in the treatment of HNSCC. Surg. 2000; 126:473-479 T HE INDUCTION of a T-cell immune response by antigen-presenting cells (APCs) occurs in 3 distinct stages. Initially, a nonspecific adhesion occurs between an APC and a T cell; next, the antigen-major histocompatibility complex of the APC crosslinks with the T-cell receptor (TcR). The final step occurs when a second or costimulatory signal is delivered by the APC to the T cell, enhancing stimulation. At present, the best-characterized second signal occurs when the B7.1 or B7.2 ligand of the APC binds to the CD28 receptor of the T cell, resulting in enhanced cellular activation. 1 The immune response initiated may be characterized as a type 1 (T H 1) or 2 (T H 2) response based on the cytokines secreted from CD4 + T cells. A T H 1 response is characterized by the secretion of interleukin (IL)-2, tumor necrosis factor ␣ (TNF-␣), and interferon ␥ (IFN-␥) and represents a delayed hypersensitivity type of response or cytotoxic response against cancer or microbes. A T H 2 response is characterized by the secretion of IL-4, IL-5, IL-6, IL-10, and IL-13 and enhances antibody production from B cells as well as an allergic response. 2 A hierarchy of immunosuppression exists in patients with head and neck squamous cell carcinoma (HNSCC). Immune reactivity is maximally suppressed in tumor-infiltrating lymphocytes, followed by proximal lymph node lymphocytes (LNL), distal LNL, and peripheral blood lymphocytes (PBL). 3 The mechanism of immunosuppression has not been clearly defined. Recent studies from several laboratories suggest that altered expression and function of signal-transducing molecules associated with the TcR or CD3 are responsible for the immune deficiencies ob-served in several malignant neoplasms. [4] [5] [6] [7] [8] To test whether altered CD3 or TcR responses exist in patients with HNSCC, we stimulated LNL and PBL from patients with advanced-stage HNSCC with anti-CD3 (␣CD3) monoclonal antibody (MoAb) and measured immune responses.
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Several immunotherapeutic trials use ␣CD3 MoAb to stimulate T cells. The capacity of ␣CD3 to stimulate T cells is enhanced when combined with anti-CD28 (␣CD28 or 9.3) MoAb, which substitutes for the B7.1 or B7.2 ligand to stimulate selectively the CD28 receptor. [9] [10] [11] [12] A recent report 13 has substantiated the importance of the B7.1 ligand and CD28 receptor in providing protective immunity and tumor rejection of oral squamous cell carcinoma in a murine animal model. Anti-CD28 MoAb may also be substituted for the B7.1 or B7.2 ligand to stimulate the CD28 receptor. Unlike the natural ligand, ␣CD28 MoAb specifically binds to the CD28 receptor in the absence of binding to cytotoxic Tlymphocyte antigen-4 (CD152), a negative regulator of the immune response.
14 Anti-CD3/anti-CD28 (␣CD3/ ␣CD28) immobilized on iron beads has been used to overcome immunosuppression and generate bead-activated T cells (ATCs). 15, 16 Phase 1 adoptive immunotherapy trials using ATCs are being conducted in patients with human immunodeficiency virus (HIV), melanoma, lymphoma, and various solid tumors. [17] [18] [19] In our study, ␣CD3/ ␣CD28-coated beads were used to activate LNL and PBL from patients with advanced-stage HNSCC, and reversal of suppressed CD3 responses was measured.
RESULTS

T-CELL RESPONSES TO PLASTIC-ADHERENT ␣CD3
Anti-CD3 MoAb was immobilized on tissue culture plastic and used to stimulate LNMCs and PBMCs in vitro from patients with HNSCC. We chose CD3 because altered signaling via the TcR has been reported in other cancers. The optimal CD3-stimulating conditions were determined previously by proliferative responses of healthy control PBMCs. 22 The LNMCs from 17 patients with advanced-stage cancer were stimulated with ␣CD3-coated plastic during an 8-day period. Eleven patients responded to ␣CD3 with [ 3 H]-thymidine incorporation of 3500 cpm or more within the first 6 day of stimulation. They were defined as responders. Six patients did not respond to ␣CD3 and had [ 3 H]-thymidine incorporation of less than 3500 cpm; they were defined as the nonresponders (Figure 1) . The difference in LNMC response to ␣CD3 stimulation between responders and non-
SUBJECTS AND METHODS
All individuals participating in our study provided informed consent, and a detailed explanation of the procedure, risks, and alternatives was given. The Human Investigation Committee and Institutional Review Board of Wayne State University, Detroit, Mich, granted approval for this study.
PATIENTS WITH HNSCC
Patients with advanced-stage HNSCC were studied because of the known immunosuppression that occurs with this cancer. 3 Mean age of patients studied was 53.8 years, with a range of 38 to 68 years. All patients had advanced stage III (n = 5) or IV (n = 12) HNSCC. Primary sites of HNSCC included the oropharynx (n = 8), larynx (n = 5), oral cavity (n = 2), hypopharynx (n = 1), and an unknown primary site (n = 1).
PERIPHERAL BLOOD MONONUCLEAR CELLS
Peripheral blood was drawn from patients before surgery. Blood was suspended in an equal volume of phosphatebuffered saline solution, and peripheral blood mononuclear cells (PBMCs) were isolated by centrifugation over a Ficoll-Hypaque density gradient (Pel-Freez, Brown Deer, Wis) for 10 minutes at 2400 rpm.
LYMPH NODE MONONUCLEAR CELLS
Lymph nodes were harvested at the time of surgery and placed in balanced salt solution with 20% heat-inactivated fetal calf serum (Hyclone, Logan, Utah), a 1% combination of penicillin (Gibco, Paisley, Scotland) and streptomycin (Gibco), and 1% amphotericin B (Gibco). Lymph nodes were minced, filtered through a nylon mesh, and washed twice in balanced salt solution with 5% fetal calf serum, 1% penicillin-streptomycin, and 1% amphotericin B. Lymph node mononuclear cells (LNMCs) were obtained using Ficoll-Hypaque density gradient centrifugation described for PBMCs. Only pathologically confirmed negative lymph nodes were used in this study.
MoAb AND BEADS
Anti-CD3 (OKT3) MoAb was purchased from Caltag Corporation (Burlingame, Calif ). The ␣CD3/␣CD28 (9.3)-coated beads were provided by one of us (C.H.J.).
LYMPHOCYTE ACTIVATION
Lymphocytes were incubated in triplicate with uncoated plastic, ␣CD3-coated plastic, and ␣CD3/␣CD28-coated bead for 8 days. The PBMCs (1.5 ϫ 10 5 ) were cultured in 200 µL of culture media in 96-well flat-bottom plates (Costar, Cambridge, Mass). Culture media consisted of RPMI 1640 (Gibco) supplemented with 10% fetal calf serum, 2-mmol/L glutamine (Gibco), penicillin (100 U/mL; Gibco), streptomycin (100 µg/mL; Gibco), and amphotericin B (100 U/mL; Gibco). For phenotyping and cytokine quantification, 7.5 ϫ 10 5 PBMCs or LNMCs were cultured in 2.0 mL of culture media in 24-well flat-bottom plates for 6 days. All cells were cultured at 37°C and 5% carbon dioxide.
PLASTIC STIMULATION
The 96-and 24-well microtiter plates were precoated with ␣CD3 at a concentration of 2 µg/mL in phosphatebuffered saline solution for 4 to 18 hours at 37°C and washed responders was significant (t test, P = .001 for day 4 and P = .002 for day 6) (Figure 1 ). Comparison of PBMC response to ␣CD3 stimulation between responders and nonresponders was also significantly different (t test, P = .008 for day 4 and P = .01 for day 6) (Figure 2 ).
CHARACTERIZATION OF RESPONDERS AND NONRESPONDERS
To identify differences between both groups in T-cell subpopulations, lymph node and peripheral blood T cells were phenotyped before ␣CD3 stimulation. The percentage of CD3, CD4, CD8, CD28, and CD45RO T cells was comparable in responders and nonresponders ( Table 1) . Shown in Table 1 is the phenotype of cells stimulated with ␣CD3/ ␣CD28 beads. Stimulation with ␣CD3 alone did not allow for adequate expansion of T cells for phenotypic analysis. Cytokine expression from responders and nonresponders was characterized and compared. Levels of IL-2, IL-4, IL-12, IFN-␥, and TNF-␣ were measured using ELISA on day 6. No difference was seen between groups in the cytokines spontaneously released by LNMCs ( Table 2) . Comparison of PBMCs revealed higher spontaneous expression of IL-12 from responders (P = .03, ANOVA). Elevated IL-12 levels in unstimulated PBMCs from responders suggests a baseline T H 1 immune environment.
Stimulation of LNMCs with ␣CD3-coated plastic enhanced the production of IFN-␥ (P = .05, ANOVA) and IL-12 (P = .05, ANOVA) in responders but not nonresponders (Table 2) . Stimulation of PBMCs also enhanced IL-12 (P = .03, ANOVA) in responders ( Table 2) . Responders produced more IFN-␥ after ␣CD3 stimulation than did nonresponders. Also important to note is that the levels of cytokines released were much higher after ␣CD3/␣CD28 stimulation than after ␣CD3 stimulation alone (Table 2) .
␣CD3/␣CD28 BEAD COSTIMULATION OF NONRESPONDERS AND RESPONDERS
Because of the poor proliferation and IFN-␥ production in nonresponders, we performed ␣CD3/␣CD28 bead stimulation to test whether immune unresponsiveness could be reversed. Costimulation with ␣CD3/␣CD28 beads is presently used in several adoptive immunotherapeutic trials to enhance immune function against infection and cancer. The responders functioned as a comparison group for nonresponders. Proliferative responses were measured over an 8-day period during bead stimulations. Significantly higher proliferation continued to occur in LNMCs on day 4 in responders compared with nonresponders (P = .02, t test) (Figure 3) . Differences between responders and nonresponders on day 6 were 3 times with the phosphate-buffered saline solution. All ␣CD3 stimulation was performed with MoAb immobilized on tissue culture plastic.
BEAD STIMULATION
The ␣CD3/␣CD28-coated bead stimulation was performed at a 3:1 bead-lymphocyte ratio. For all samples, unstimulated controls were plated. Previous studies have shown that ␣CD28 alone and uncoated beads do not stimulate lymphocytes. ] thymidine (tritium thymidine) for 4 hours and harvested onto glass fiber discs using a cell harvester (PHD; Cambridge Technology, Cambridge, Mass). The glass fiber discs were counted in vials containing 6 mL of scintillation-counting cocktail in a scintillation counter (Beckman, Fullerton, Calif ).
PHENOTYPIC ANALYSIS
On days 0 and 6 after incubation, cell suspensions were prepared from LNMC or PBMC cultures and stained with MoAb to CD3, CD4, CD8, CD28, or CD45RO conjugated to phycoerythrin (PharMingen, San Diego, Calif) as previously described. 21 Surface marker expression was measured by flow cytometry (FACScan; Becton Dickinson, San Jose, Calif).
CYTOKINE ANALYSIS
Cell culture supernatants were harvested on days 2, 4, 6, and 8. The quantity of IL-2, IL-4, TNF-␣, IL-12, and IFN-␥ present in the supernatant was determined using an enzymelinked immunosorbent assay (ELISA) (R & D Systems, Minneapolis, Minn).
CYTOTOXICITY
Cytotoxicity was measured using a chromium 51 ( 51 Cr) release assay. Activation of LNMCs or PBMCs was performed using ␣CD3/␣CD28-coated beads for 6 days. Autologous and allogeneic HNSCC lines were labeled with 51 Cr
Cytolytic activity (percent of specific 
STATISTICAL ANALYSIS
One-way analysis of variance (ANOVA) and t test were used to compare between groups, using the statistical package from Sigma Stats (Jandel Scientific, San Raphel, Calif).
reduced to insignificant levels ( Figure 3) . Differences between responders and nonresponders in PBMC proliferation on day 4 and 6 were reduced to insignificant levels (Figure 4) . Proliferative deficiency of nonresponders to ␣CD3 stimulation was partially reversed by ␣CD3/ ␣CD28 bead stimulation.
To identify differences in T-cell subpopulations between groups, lymph node T cells were phenotyped after ␣CD3/␣CD28 bead stimulation. Expression of T-cell CD3, CD4, CD8, CD28, and CD45RO from responders and nonresponders was measured and compared on day 6. Similarly, peripheral blood T cells were phenotyped after ␣CD3/ ␣CD28 bead stimulation and compared on day 6. There was a significantly higher percentage of CD3 + cells in nonresponder lymph node and peripheral blood T cells after ␣CD3/␣CD28 stimulation compared with responders (Table 1) . No other differences were identified.
To compare the immunologic environment existing in responders and nonresponders after ␣CD3/␣CD28 bead stimulation, LNMCs and PBMCs were stimulated in vitro, and the production of IL-2, IL-4, IL-12, IFN-␥, and TNF-␣ was measured on day 6 ( Table 2 ). There were no significant differences in cytokines produced by responders and nonresponders. Bead stimulation enhanced IL-2, IFN-␥, and TNF-␣ secretion in both groups from LNMCs as well as PBMCs ( Table 2 ). The previously observed differences in IL-12 and IFN-␥ levels were overcome, and a strong T H 1 cytokine profile was generated in responders and nonresponders.
␣CD3/␣CD28 BEAD VS ␣CD3-COATED PLASTIC STIMULATION
Stimulation with ␣CD3/␣CD28 beads was compared with ␣CD3 plastic stimulation for efficacy in inducing a T H 1 immune response characterized by high levels of IL-2 and IFN-␥ secretion. A T H 1 immune response is highly desirable in fighting cancer. Bead stimulation significantly enhanced levels of IL-2 and IFN-␥ in responders (IL-2, P = .001, t test; IFN-␥, P = .005) and IL-2 in nonresponders (P = .05) compared with ␣CD3 plastic stimulation ( Table 2) . Stimulation of ␣CD3/␣CD28 beads was more effective than that of ␣CD3-coated plastic in producing TNF-␣ in responders (P = .005, t test) ( Table 2) .
CYTOTOXICITY OF ␣CD3/␣CD28 ATCs
To further investigate the immune-enhancing properties of ␣CD3/␣CD28 bead stimulation, the cytotoxicity of bead-generated ATCs was measured against autologous tumor. Patient 11 from the responders was chosen because tumor had been successfully cultured, and sufficient numbers of LNMCs and PBMCs were available for study. The ATCs were generated from responder 11 by stimulating LNMCs and PBMCs for 6 days in vitro with coated beads. Tumor cell lysis was measured using an 18-hour 51 Cr release assay with effector-target ratios of 50:1, 25:1, and 12:1, respectively. Lymph node ATCs showed lysis (±SD) of 55% ± 1%, 58% ± 1%, and 44% ± 1%, respectively ( Figure 5) . Peripheral blood ATCs showed lysis (±SD) of 100% ± 1%, 100% ± 1%, and 89% ± 1%, respectively ( Figure 5 ). Unstimulated lymph node and peripheral blood T cells showed minimal lysis (range, 0%-4%) ( Figure 5 ). A 4-hour 51 Cr release assay was also performed, which showed minimal lysis (range, 0%-9%). Supernatant from bead-activated peripheral blood and lymph node ATCs was tested against autologous tumor and showed minimal lysis (range, 0%-10%).
Further testing of ATC from responder 11 against allogeneic tumor was performed. Lysis was measured using an 18-hour 51 Cr release assay with effector-target ratios of 25:1, 12:1, 6:1, and 3:1, respectively. Lymph node ATCs showed lysis (±SD) of 63% ± 1%, 58% ± 1%, 40% ± 1%, and 22% ± 1%, respectively (Figure 6 ). Peripheral blood ATCs showed lysis (±SD) of 49% ± 1%, 40% ± 1%, 27% ± 1%, and 23% ± 1%, respectively ( Figure 6 ). Unstimulated lymph node and peripheral blood ATCs showed minimal lysis (range, 0%-4%) ( Figure 6 ). A 4-hour 51 Cr release assay was also performed, which showed minimal lysis (range, 0%-2%). Supernatant from beadactivated peripheral blood and lymph node ATCs was tested against allogeneic tumor and showed minimal lysis (range, 0%-10%). Lysis of allogeneic tumor showed that killing was partially nonspecific in nature. 
COMMENT
Recent studies from several laboratories suggest that alterations in function and expression of signaltransducing molecules associated with CD3 are responsible for the immunodeficiencies observed in malignant melanoma and renal cell, ovarian, and colorectal carcinoma. [5] [6] [7] [8] To test whether altered CD3 or TcR responses exist in patients with HNSCC, we stimulated LNLs and PBLs from patients with advanced-stage cancer with ␣CD3 MoAb and measured immune responses. By this method, 2 populations of patients, responders and nonresponders based on LNL ( Figure  1 ) and PBL responses (Figure 2) , were identified. The presence of CD3 on the surface of LNLs and PBLs was checked and confirmed by flow cytometry (Table 1) . Flow cytometric analysis revealed no differences in T-cell subpopulations between groups (Table 2) , and there was no clinical difference between groups. Responders included 3 patients with stage III and 8 patients with stage IV HNSCC. Nonresponders included 2 patients with stage III and 4 patients with stage IV disease. There was no difference in tumor burden between groups. Further study will be required to identify the specific defect in CD3 response observed herein. Others have attributed altered CD3 responses to loss of CD3-chain expression. [5] [6] [7] [8] The characterization of responders revealed a difference in the spontaneous release of cytokines compared with nonresponders. A higher level of IL-12 was produced by PBMCs in responders compared with nonresponders ( Table 2) . Elevated IL-12 levels suggested a baseline T H 1 immune environment existed in the responders (Table 2) . It may be possible that APCs or B cells in responders secret higher levels of IL-12, predisposing this subset of patients to a T H 1 response. 23 There were no treatment difference between responders and nonresponders; all had advanced-stage HNSCC and had not previously received chemotherapy or radiation therapy. The LNMCs and PBMCs cultured in these experiments were a mixture of T and B cells. Flow cytometry before culturing showed no significant difference in T-cell populations between groups (Table 1 ). Higher baseline levels of IL-12 in the immune environment correspond to enhanced production of IFN-␥ during immune stimulation. 23, 24 No differences were identified in baseline levels of IL-4, a T H 2 type of cytokine; expression of IL-10 and tumor growth factor ␤ was not checked.
Stimulation of both groups with ␣CD3 revealed that responders produced higher levels of IL-12 and IFN-␥ compared with nonresponders (Table 2 ). This demonstrated that the immune environment of responders favors a T H 1 response, whereas nonresponders showed minimal response. Reduced response to ␣CD3 stimulation may be caused by alterations in the CD3-chain function or the presence of immunosuppressive factors such as prostaglandin E 2 or tumor growth factor ␤. 25, 26 The exact cause of immune unresponsiveness has not been identified.
To test whether ␣CD3/␣CD28 bead stimulation can overcome the suppressed responses identified in nonresponders, we stimulated both groups and compared results. Stimulation with ␣CD3/␣CD28 beads was chosen because this method of T-cell stimulation is being studied in adoptive immunotherapeutic trials for the treatment of HIV, melanoma, lymphoma, and various solid tumors. [17] [18] [19] [20] We have reported previously on the immuneenhancing properties of ␣CD3/␣CD28-coated surgical suture. 27 Stimulation with ␣CD3/␣CD28 beads enhanced proliferation in both groups (Figures 3 and 4) . Bead stimulation enhanced the production of IL-2, IFN-␥, and TNF-␣ in both groups (Table 2) . Differences between responders and nonresponders in secretion of cytokines-spontaneously or after ␣CD3 stimulationwere reversed with ␣CD3/␣CD28 bead stimulation. Bead stimulation generated more T H 1 cytokine production in both groups ( Table 2) .
The cytotoxicity of bead-stimulated ATCs against autologous cancer was tested. Peripheral blood ATCs from responder 11 showed 100% ± 1% lysis of tumor at 50:1 and 25:1 effector-target ratios, with 89% ± 1% lysis at 12:1. Lymph node ATCs killed in the range of 50% to 60% (± 1%), with effector-target ratios of 50:1, 25:1, and 12:1, respectively. The specificity of kill was measured by using allogeneic HNSCC as targets. Peripheral blood and lymph node ATCs showed lysis of 23% to 49% (± 1%) and 22% to 63% (± 1%), respectively. Therefore, a por- tion of tumor kill was nonspecific in nature. To test whether lysis resulted from a soluble factor, supernatant was tested against autologous and allogeneic tumor. Minimal lysis (0%-10%) was noted, indicating the absence of a soluble cytolytic factor. Cytotoxicity assays were performed for 4 and 18 hours. Four-hour incubations showed minimal lysis (0%-4%), whereas 18-hour incubations increased kill up to 100%. The significance of prolonging incubations is not clear. Cytotoxicity experiments were performed in only 1 patient (responder 11), because the availability of autologous tumor, LNMCs, and PBMCs was limiting. Cells from other individuals may have a different response. The generation of a T H 1 immune response makes this method of T-cell stimulation an attractive immunotherapeutic option for treating HNSCC. Cytokines showing T H 1 have been associated with cytotoxic immune responses against cancer. In fact, our findings are consistent with those of other investigators who have found enhanced immune function with ␣CD3/␣CD28 bead stimulation of cells from patients seropositive for HIV. 20 In a phase 1 trial involving autologous reinfusion of CD4 + T cells to patients who are seropositive for HIV, a longterm rise in CD4 counts has been observed (C.H.J., personal communication, May 1999). The in vitro human data presented in our study strongly support the development of a phase 1 adoptive immunotherapy trial to test ␣CD3/␣CD28 bead-generated ATCs against advancedstage HNSCC.
CONCLUSIONS
Subpopulations of patients with HNSCC have been identified who are nonresponders to ␣CD3 stimulation. Nonresponders showed reduced expression of IL-12 and IFN-␥ compared with responders. Stimulation with ␣CD3/ ␣CD28 beads overcame the CD3 unresponsiveness identified in nonresponders and generated a T H 1 immune response. The ␣CD3/␣CD28 bead-generated ATCs from responder 11 were able to lyse autologous and allogenic HNSCC in vitro. Costimulation with ␣CD3/␣CD28 beads generated ATCs that may be an effective immunotherapeutic modality in the treatment of HNSCC.
